THE MECHANISMS of invasion in cancer
have not yet been established. Various explanations have been given for these mechanisms: (a) a decrease in mutual adhesiveness of tumour cells, by which the cells become free from each other (Coman, 1944; Zeidman, 1947;  McCutheon, Coman and Moore, 1948) ; (b) an increase in ameboid motility and loss of contact inhibition of tumour cells, by which the cells invade the interstitial spaces of the adjacent normal tissues (Hanes and Lambert, 1912; Enterline and Coman, 1950; Hirono, 1958; Abercrombie and Ambrose, 1962; Wood, Robinson and Marzocchi, 1968) ; (c) invasion by tumour cells of small vessels, by means of which the cells are transported to distant organs (Sato, Suzuki and Kurokawa, 1966) ; and (d) migration of tumour cells through the vessel wall whereby, under favourable conditions, they lodge and proliferate to form metastatic secondary tumours (Nakamura, 1964; Satoh, 1967) . It has been suggested that the invasive character of cancer cells may be in some way associated with an increased locomotion of the cells (Hirono, 1958; Sato, 1967) .
As described in previous papers Yoshida et al., 1970) , a substance chemotactic for cancer cells has been isolated from some tumour tissues of animal and human origin. After injection, this substance locally induced an extravascular migration of circulating tumour cells and the formation of metastatic tumour (Ozaki et al., 1971) . Since the chemotactic factor could only be isolated from tumour tissues but not from the cancer cells themselves, it was supposed that the chemotactic factor was produced outside the cancer cells. It was also demonstrated that local production of the chemotactic factor were associated with the action of a certain neutral protease from cancer cells, e.g. rat ascites hepatoma cells (Koono, Ushijima and Hayashi, 1974) and that activation and release of the neutral protease were associated with a certain thermostable peptide from tumour tissues (Koono, Katsuya and Hayashi, 1974) . In a further study (Katsuya, Koono and Hayashi, 1973) , it was suggested that dissociation of rat ascites hepatoma cells was related to the action of the neutral protease activated by the peptide.
On the other hand, mechanisms which control cell adhesiveness have been suggested to be intimately related to the surface properties of tumour cells. The introduction of the rotational method of promoting cell aggregation led to the possibility of obtaining reproducible data (Moscona, 1961a) . The aggregation of dissociated cells from sponges (Humphreys 1963) , chick and mouse embryos (Moscona, 1961b) , and tissue culture cells (Moskowitz, 1963) had been investigated using this method, and it has been suggested that specific macromolecular constituents of the cell surface might be involved in the phenomenon (Lilien, 1698) . The mechanism of tumour cell adhesiveness is undoubtedly important in the explanation of malignant invasion. The purpose of the present communication is to describe the isolation of an aggregation promoting factor from the surface of the tumour cell and its biological properties.
MATERIALS AND METHODS
Rat ascites hepaton?a. -Rat ascites hepatoma AH136B (Odashima, 1962) Normal rat liver cell suspension wN-as prepared as follows: liver cells of healthly male Donryu rats (80-100 g) wAere dissociated and collected according to the iiethod of Anderson (1953) . After perfusion w ith 20 ml of 01 mmol/l EDTA in physiological saline through the portal vein, the liver wias excised and cut into small cubes or slices wNith a razor in 01 mmol/l EDTA solution. The cell suspension wNas filtered through 3 sheets of gauze and the liver cells wrere sedimenited Chromatography.-This was performed on columns of DEAE-Sephadex A-50 (3-5 mEq/g, Pharmacia, Uppsala, Sweden) prepared by the method of Porath and Lindner (1961) and Bio-gel A-5m (Bio-Road Laboratories, Richmond, California, U.S.A.) prepared by the method of Hjerten (1964 Chromeiatography of aggregation promoting factor on DEAE-Sephadex ( Step 2).-All procedures were carried out in the cold (0°C). After dialysing against 0 02 mol/l phosphate buffer (pH 6 8) for 12 h, the supernatant fluid (10-20 ml, absorbancy 5-7 at 280 nm/ml) from Step 1 was applied to a column (2 0 x 20 cm) of DEAE-Sephadex equilibrated with 0-02 mol/l phosphate buffer (pH 6-8 (a) Aggregation promoting factor in cell-free supernatant.-Equal volumes (1 ml) of the cell-free supernatant fluid (absorbancy 0-5 at 280 nm/ml) from Step 1 and of AH136B cell suspension (5 x 105 cells/ml) were mixed and incubated. Formation of macroscopic cell aggregates became visible as early as 5 min after the start of incubation. With increasing incubation time, the cell aggregates became larger, fused with each other and sedimented as a mass on the bottom of the culture tube (Fig. 1) , the aggregated cells showing a tendency to arrange in a concentric pattern (Fig. 2) . The activity of the factor (graded +) was found still present when assayed in 4-fold dilutions with Hank's balanced salt solution. On the other hand, AH136B cells were not aggregated in the absence of the supernatant fluid even after 2 h of incubation (Fig. 3) . No difference in the potency of the supernatant fluid was revealed before and after dialysis against Ranks' balanced salt solution for 12 h, indicating that the active substance of the supernatant fluid was non-dialysable.
(b) Aggregation promoting factor on DEAE-Sephadex.-After elution of the cell-free supernatant (10-20 ml, absorbancy 5-7 at 280 nm/ml) from Step 1 on DEAE-Sephadex, 5 chromatographicpeaks were obtained (Fig. 4) and the total yield, measured as absorbance at 280 nm, was about 70% of the proteins applied. The first peak contained 2-0%, the second 26-0%, the third 14.4%, the fourth 18.5% and the fifth 9.2%. However, the second peak (absorbancy 0-5 at 280 nm/ml) only caused a strong activity for AH136B cell aggregation under the same conditions as described above. Its affinity (graded +) was still present even when tested in 32-fold dilutions with Hanks' balanced salt solution, indicating an increase in the potency. No activity was revealed with the same concentration (absorbancy 0-5 at 280 nm/ml) of other peaks.
(c) Aggregation promoting factor on Bio-gel.-After elution of the second peak (5 ml, absorbancy 4-6 at 280 nm/ml) from Step 2 on Bio-gel, 2 chromatographic peaks were obtained (Fig. 5) . The total yield, measured as absorbance at 280 nm, was about 95% of the proteins applied; the first peak contained 25% and the second 70%. The second peak (absorbancy 0-5 at 280 nm/ml) showed a strong activity for AH136B cell aggregation under the same conditions as described above; its activity (graded +) was still present even when tested in 42-fold dilutions with Hanks' balanced salt solution, indicating an increased potency. No activity was demonstrated with the -first peak (absorbancy 0-5 at 280 nm/ml) under the same conditions. The poltncy of the aggregation promoting factQr in each step of purification is summarized (Table I) . 18553 ml for bovine serum albumin monomer; 136*2 ml for bovine serum albumin dimer; and 177X7 ml for aggregation promoting factor. The linear relationship between the elution volume and logarithmic value of molecular weight was recorded and the molecular weight of this aggregation promoting factor was estimated at 72,000 ± 7200 (Fig. 6) Step 3 was tested by a modification (Hayashi et al., 1962 (Hayashi et al., , 1965 of the casein digestion method of Kunitz (1947) and by a modification (Sliwinski, Doty and Landmann, 1959) of the haemoglobin digestion method of Anson (1939) . The assay was performed at various pH ranges (3.0-6.0 against haemoglobin and 6*0-1.0-0 against casein) and concentrations (absorbancy 1*0-3*0 at 280 mn/ml) of the factor. It had no proteolytic activity.
DISCUSSION
The observations described here demonstrated that a tumour cell aggregation promoting factor was released possibly from the cell surface from rat ascites hepatoma AH I36B cells forming cell islands, when kept in cold Hanks' balanced salt solution (free of calcium and magnesium). It could be partially purified by chromatography using DEAE-Sephadex and by gel filtration using Bio-gel. The substance was assumed to be a thermostable glycoprotein with a molecular weight of about 72,000. This is of some interest in view of the well known evidence that sugar containing molecules of animal cell membranes may play a part in mediating cell adhesions, perhaps as " recognition sites ". The substance had no proteolytic activity when tested against casein and haemoglobin.
The action of this material was characterized by lack of inhibition of AH136B cell aggregation by sugar preparations which inhibit the effect of aggregation promoting factors such as Jack bean concanavalin A (Inbar and Sachs, 1969) , wheat germ glycoprotein (Burger and Goldberg, 1967) and plant phytoagglutinins (Tomita et al., 1970) . This strongly suggests the presence of a binding site for the factor on the cell surface, different from the sites for aggregation promoting factors of plant origin mentioned above.
The factor also differed from concanavalin A in its higher aggregating activity when compared on SV40-transformed cells. The potency of 11l,tg of the aggregation promoting factor seemed to correspond to that of 250,ug ofJack bean concanavalin A. The power to induce tumour cell aggregation has been seen in the serum (Tal, Dishon and Gross, 1964) and ascitic fluid of cancer patients (Mori, Akedo and Tanigaki, 1970) and of tumour bearing mice (Oppenheimer and Humphreys, 1971) . However, the problem of whether such potency may be related to an aggregation promoting factor of cancer cell origin has not yet been established. We have recently demonstrated that a substance similar to the present aggregation promoting factor can be separated from the sera and ascitic fluid of rat ascites hepatoma AH136B or AH109A transplanted rats (Kudo and Hayashi, 1972) and this suggested that the factor was released from these cancer cells.
